1. Introduction
===============

The histopathological findings in spontaneous and experimental feline infectious peritonitis (FIP) have been described in several previous reports on effusive and non-effusive FIP ([@BIB34]; [@BIB19]; [@BIB29]; [@BIB12], [@BIB14]). Although usually characteristic, both macroscopic and histological alterations were not always indicative of FIP. Therefore, differential diagnoses can sometimes not be readily excluded by routine post-mortem histopathology, and the diagnosis of FIP has to be confirmed by immunohistological demonstration of coronavirus antigen within the lesions ([@BIB28]). We performed a systematic examination on the various lesions in naturally infected animals in order to further investigate cellular composition and content of immunohistologically detectable coronavirus antigen, and to detect the production of coronavirus-specific antibodies in situ.

2. Materials and methods
========================

2.1. Animals and tissue processing
----------------------------------

The study was performed on 23 cats with FIP. Animals had been routinely necropsied at the Department of Veterinary Pathology, Leipzig University, Leipzig, Germany. Tissue samples were fixed in 10% unbuffered, neutralized formalin for 16--18 h and were embedded in paraffin. Five μm-thick sections were either stained with hematoxylin--eosin or used for immunohistological and histochemical examinations.

Additionally, feline leukemia virus (FeLV) infection was diagnosed by immunohistology as described by [@BIB18].

2.2. Immunohistology
--------------------

Immunohistology was performed on FIP lesions, lymphatic tissues (spleen and mesenteric lymph nodes), and bone marrow. Peroxidase-anti-peroxidase (PAP) and avidin--biotin peroxidase complex (ABC) methods were performed as described ([@BIB26]; [@BIB15]).

Briefly, sections were deparaffinized in xylene and rehydrated through graded alcohols. Endogenous peroxidase was blocked by incubation with 0.3% hydrogen peroxide in methanol at room temperature for 30 min. Sections were washed with Tris-buffered saline (TBS, 0.1 M Tris--HCl with 0.9% NaCl, pH 7.6).

To demonstrate coronavirus antigen, sections were treated with target unmasking fluid (TUF; Dianova GmbH, Hamburg, Germany) for 10 min at 96°C. For the demonstration of the CD45R antigen of B-cells ([@BIB20]), sections were incubated in citrate buffer (10 mM, pH 6.0) at 96°C for 30 min. To demonstrate the myeloid/histiocyte antigen of monocytes, macrophages, and neutrophils (leukocyte protein L1, calprotectin; [@BIB3]; [@BIB6]) and the CD3 antigen of T-cells ([@BIB1]), sections were pretreated with 0.5% protease (type XXIV: bacterial, Sigma Chemie Deisenhofen, Germany) diluted in phosphate-buffered saline (pH 7.2) at 37°C for 5 min.

After pretreatment, 50% swine serum in TBS were applied for 10 min at room temperature prior to rabbit anti-human CD3, while 10% rat serum in TBS were used prior to the monoclonal mouse antibodies and undiluted normal horse serum prior to rat anti-mouse CD45R, respectively.

Slides were then incubated for 12--16 h at 4°C with the primary antisera: mouse anti-coronavirus (FCV3-70; 1:100 in TBS; Custom Monoclonals International, West Sacramento, CA), mouse anti-human myeloid/histiocyte antigen (leukocyte protein L1, calprotectin; 1:1600 in TBS; Dako Diagnostika GmbH, Hamburg, Germany), rat anti-mouse CD45R (B220 (Ly5), clone RA3-6B2; 1:1000 in TBS; Cedar Lane Laboratories, Hornby, Canada), and rabbit anti-human CD3 (1:500 in 20% swine serum in TBS; Dako Diagnostika GmbH).

For rabbit anti-CD3, swine anti-rabbit IgG (1:100 in 20% swine serum in TBS; Dako Diagnostika GmbH) was used as a link antibody, followed by rabbit PAP complex (1:100 in 20% swine serum in TBS; Dako Diagnostika GmbH). For the mouse mAbs, rat anti-mouse IgG (1:100 in TBS; Dianova GmbH) and mouse PAP complex (1:500 in TBS; Dianova GmbH) were applied, while biotinylated rabbit anti-rat IgG (1:100 in TBS; Vector Laboratories, Burlingame, CA), followed by the ABC (A and B each 1:100 in TBS; Vector Laboratories) were used for the demonstration of the CD45R antigen. Incubations were performed at room temperature for 30 min each. Between each incubation step slides were washed with TBS.

Sections were incubated for 10 min with 0.05% 3,3′-diaminobenzidine tetrahydrochloride (DAB; Serva, Heidelberg, Germany) in 0.1 M imidazole/HCl buffer (pH 7.1) and counterstained with Papanicolaou\'s hematoxylin (1:20 in aqua dest.; E. Merck, Darmstadt, Germany).

For the demonstration of coronavirus-specific antibodies, slides were incubated with feline coronavirus (DF-2 FIPV; purified pelleted culture supernatant, 10-fold concentrated and stored in PBS; 1:25 in TBS) for 12--16 h at 4°C and washed with TBS prior to the primary mouse anti-coronavirus antibody which was then detected by the PAP method as described above.

Negative controls for pAbs and mAbs were incubated with normal rabbit or rat serum or a non-reacting mouse mAb directed against chicken lymphocytes ([@BIB4]), respectively. Negative controls for the detection of coronavirus-specific antibodies implied replacement of feline coronavirus by infectious bursitis disease virus (serotype I, purified, pelleted culture supernatant, 2-fold concentrated and stored in PBS; 1:25 in TBS), and either the application of the non-reacting mAbs directed against chicken lymphocytes mentioned above or a mouse anti-canine distemper virus mAb (DV2-12; 1:100 in TBS; Custom Monoclonals International) instead of the mouse anti-coronavirus mAb.

One case each of plasma cell-dominated gingivitis, conjunctivitis and otitis externa were examined for the presence of coronavirus antigen and plasma-cells producing coronavirus-specific antibodies.

Formalin-fixed and paraffin-embedded feline tissues (spleen, lymph nodes and bone marrow) served as positive controls for the leukocyte markers.

2.3. Histochemistry
-------------------

In order to allow a clearcut differentiation of the cells in areas with caryorhexis, neutrophils were identified according to their chloroacetate esterase activity. The demonstration of the chloroacetate esterase was performed as previously described ([@BIB21]; [@BIB25]).

3. Results
==========

3.1. Case histories and gross pathology
---------------------------------------

Animals ranged from 5 months to 6 years of age. Fourteen cats were male and nine were female. Reported clinical findings had been variable. In six cases, however, FIP was suspected. Information about the duration of the disease were available in three cases: animals had shown clinical symptoms for 2, 3, and 10 days, respectively.

Gross pathology was variable. Thirteen cats showed peritoneal effusion which was in one case accompanied by both pleural and pericardial effusion. Another three cats only exhibited pleural effusion and, in two of these cases, pericardial effusion. In most of the cases (*n*=18), fibrinous and/or granulomatous peritonitis was observed, involving abdominal wall, omentum, and the serosa of various tissues in a variable frequency. Eight of these cats showed parenchymal granulomas which were most often located in the kidney (*n*=7); another three cats exhibited necrotizing lymphadenitis of the mesenteric lymph nodes, and in further two cats fibrinogranulomatous pleuritis were additionally observed. Two animals showed pleuritis and pneumonia besides granulomatous hepatitis and lymphadenitis of the mesenteric lymph nodes or granulomatous hepatitis, nephritis, and leptomeningitis, respectively. In one cat each, lesions were restricted to fibrinous-granulomatous pleuritis and granulomas in both kidneys. Correlations between the cat\'s age and gross pathological findings could not be stated.

In 14 cats, FeLV co-infection was diagnosed by immunohistology.

3.2. Immunohistology and histochemistry of unaltered tissues
------------------------------------------------------------

In lymphoid tissues, CD3 antigen-expressing T-lymphocytes, displaying a dark brown reaction at the cell periphery, were located in the paracortical region of lymph nodes and the periarteriolar sheath regions in the spleen. CD45R antigen-positive B-lymphocytes exhibited a similar staining pattern and were found in lymphoid follicles of lymph nodes and spleen. Monocytes, neutrophils, and macrophages showed a strong cytoplasmic staining for the myeloid/histiocyte antigen (leukocyte protein L1, calprotectin) in all tissues. Chloroacetate esterase activity was represented by a faint red cytoplasmic staining of neutrophils in tissues and myelomonocytic precursors in bone marrow, and a strong granular cytoplasmic staining of mast cells.

3.3. Light microscopy, immunohistology, and histochemistry in lesions of FIP
----------------------------------------------------------------------------

Staining for coronavirus antigen was represented by a granular precipitate in the cytoplasm of macrophages or, to a lesser extent, free within areas of necrosis ([Fig. 1](#FIG1){ref-type="fig"} (a), 1(b) and [Fig. 2](#FIG2){ref-type="fig"} [Fig. 3](#FIG3){ref-type="fig"} ). After application of FIPV prior to the demonstration of coronavirus antigen, staining for both coronavirus antigen and coronavirus-specific antibodies were seen in the same slide ([Fig. 1](#FIG1){ref-type="fig"}, [Fig. 4](#FIG4){ref-type="fig"} (a)). However, as the presence of coronavirus-specific antibodies were represented by an almost homogeneous cytoplasmic staining in plasma-cells which could be identified according to their morphology, both types of reaction were readily distinguishable ([Fig. 1](#FIG1){ref-type="fig"}, [Fig. 4](#FIG4){ref-type="fig"}(a)).Fig. 1Granuloma with area of necrosis in omentum. (a.) Coronavirus antigen in macrophages (granular reaction; arrow) within a granuloma with area of necrosis. Coronavirus-specific antibodies in plasma-cells close to the same granuloma (homogeneous reaction; arrowhead). Bar=40 μm. (b.) Macrophages expressing the myeloid/histiocyte antigen in a granuloma. Bar=40 μm.Fig. 2Diffuse alteration at the serosal surface of the spleen. Activation of mesothelial cells and infiltration by macrophages expressing coronavirus antigen (arrows). Bar=40 μm.Fig. 3Diffuse alteration at the serosal surface of the liver. Layers of exudate on serosal surface with focal infiltration by macrophages positive for coronavirus antigen (arrow). Bar=70 μm.Fig. 4Diffuse alteration at the serosal surface of the diaphragm. (a) Expression of coronavirus antigen in single macrophages (granular reaction; arrow) within a granuloma with area of necrosis; single plasma-cells positive for coronavirus-specific antibodies (homogeneous cytoplasmic reaction; arrowheads), are seen in the underlying layers of lymphocytes and plasma-cells. Bar=60 μm. (b) Layers of precipitated exudate with a granuloma are separated from the unaltered parenchyma by a thick layer of CD45R antigen-positive B cells and plasma-cells. Bar=40 μm. (c) Granuloma comprised mainly of macrophages, expressing the myeloid/histiocyte antigen (arrow) within the layers of exudate. Bar=100 μm. (d) CD3 antigen-positive T-cells (arrow) are rarely seen scattered throughout the lesion. Bar=100 μm.

Lesions were variable and were classified according to their distribution and cellular composition as diffuse alterations at serosal surfaces, granulomas with areas of necrosis, granulomas without extended necrosis, focal and perivascular lymphoplasmocytic infiltrates, and granulomatous-necrotizing vasculitis.

Diffuse alterations of serosal surfaces were variable. Mainly on the spleen, enlarged activated mesothelial cells, recognizable due to their cuboidal shape, were seen in combination with few macrophages in the edematous serosa ([Fig. 2](#FIG2){ref-type="fig"}). Coronavirus antigen expression was restricted to the infiltrating macrophages ([Fig. 2](#FIG2){ref-type="fig"}). On liver and spleen, layers of precipitated exudate containing few foci composed of macrophages which expressed variable amounts of viral antigen, were also seen ([Fig. 3](#FIG3){ref-type="fig"}). Mainly in the liver, the protein exudate was underlaid by a small band of subcapsular B-cells and plasma-cells ([Fig. 3](#FIG3){ref-type="fig"}). Occasionally, a single plasma-cell stained positive for coronavirus-specific antibodies. In many cases, serosal surfaces were covered with layers of precipitated exudate containing numerous granulomas with areas of necrosis. These granulomas were dominated by macrophages frequently only expressing small amounts of viral antigen ([Fig. 4](#FIG4){ref-type="fig"}(a), (c)). Neutrophils were rarely seen. The precipitated exudate was separated from the unaltered parenchyma by few to many layers of B-cells and plasma-cells which occasionally infiltrated between underlying muscle fibers ([Fig. 4](#FIG4){ref-type="fig"}(a), (b)); some of these plasma-cells were positive for coronavirus-specific antibodies ([Fig. 4](#FIG4){ref-type="fig"}(a)). Few T-cells were scattered throughout the alteration ([Fig. 4](#FIG4){ref-type="fig"}(d)). In some cases, diffuse almost pure B-cell and plasma-cell infiltration of pleura or peritoneum was seen. On the pleura, this was occasionally accompanied by proliferation of fibroblasts. These lesions contained single to numerous plasma-cells positive for coronavirus-specific antibodies. Viral antigen expression was in these cases restricted to single granulomas with areas of necrosis which were only detected after extended examination.

Granulomas with areas of necrosis were seen within diffuse alterations of the serosa ([Fig. 4](#FIG4){ref-type="fig"}; see above), within the omentum, and within parenchymas ([Fig. 1](#FIG1){ref-type="fig"}). A variably large area of central necrosis was surrounded by inflammatory cells which were almost completely identified as macrophages ([Fig. 1](#FIG1){ref-type="fig"}(b) and 4(b)). Viral antigen expression were mostly restricted to a variable number of macrophages ([Fig. 1](#FIG1){ref-type="fig"}, [Fig. 4](#FIG4){ref-type="fig"}(a)). Single to few neutrophils were scattered between macrophages. In the periphery of and close to the lesions, B-cells and plasma-cells were found; some of these plasma-cells stained positive for coronavirus-specific antibodies ([Fig. 1](#FIG1){ref-type="fig"}(a)). Few T-cells were scattered throughout the granulomas.

Granulomas without extended areas of necrosis were mainly observed in the kidneys ([Fig. 5](#FIG5){ref-type="fig"} ). The small center comprised of macrophages which only rarely exhibited faint staining for viral antigen ([Fig. 5](#FIG5){ref-type="fig"}(a)). They were intermingled with single neutrophils. The lesions were dominated by a broad rim of B-cells and plasma-cells ([Fig. 5](#FIG5){ref-type="fig"}(b)); the latter were in part positive for coronavirus-specific antibodies. T-cells were again rare and scattered throughout the lesion.Fig. 5Granuloma without extended necrosis in the renal medulla. (a.) Staining for coronavirus antigen in single macrophages within the center of focal granulomatous-necrotizing inflammation. Bar=80 μm. (b.) CD45R antigen-positive B-cells and plasma-cells are delineating the center of the same granuloma. Bar=90 μm.

Focal and perivascular lymphoplasmocytic infiltrates were mainly found in omentum and leptomeninx ([Fig. 6](#FIG6){ref-type="fig"} ); perivascular infiltrations were also seen occasionally in the brain of cats with granulomatous leptomeningitis ([Fig. 7](#FIG7){ref-type="fig"} (a)). Some of the plasma-cells stained positive for coronavirus-specific antibodies ([Fig. 6](#FIG6){ref-type="fig"}(b) and 7(a)). Macrophages and T- cells comprised a minority; neutrophils were rarely observed.Fig. 6Omentum. (a.) Infiltration of the omentum by CD45R antigen-positive B-cells and plasma-cells. Bar=40 μm. (b.) Single plasma cells positive for coronavirus-specific antibodies (arrows) are found in a perivascular infiltrate consisting of B- and plasma-cells. Bar=40 μm.Fig. 7Brain. (a.) Few plasma-cells positive for coronavirus-specific antibodies (arrow) are found in a mononuclear perivascular infiltrate in the neuropil close to the leptomeninx. Bar=80 μm. (b.) Granulomatous vasculitis. Part of the macrophages strongly express coronavirus antigen. Bar=40 μm.

Granulomatous-necrotizing vasculitis was occasionally seen, mainly in the leptomeninx and the kidneys. Macrophages comprised the dominant cell population. They often showed a strong positive reaction for coronavirus antigen ([Fig. 7](#FIG7){ref-type="fig"}(b)). Single to few neutrophils were seen in proximity to the vessel wall. T-cells were few and scattered throughout the infiltrates.

Different types of the lesions described above were frequently seen in the same animal and even in the same organ.

Single plasma-cells producing coronavirus-specific antibodies were also found around blood vessels in tissues without further alterations: in the liver portal trias, the interstitium of the renal medulla, the lung, and the leptomeninx. They were also seen scattered in the wall of alveoli in the lungs and around bronchi. Furthermore, numerous plasma-cells producing coronavirus-specific antibodies were identified among infiltrating cells of the mucosa of the small intestine. Epithelial cells did not express coronavirus antigen.

Mesenteric lymph nodes without granulomatous-necrotizing lesions generally showed follicular hyperplasia with an increased number of CD45R antigen-positive B-cells and a large number of sinus histiocytes. They contained single to numerous plasma-cells positive for coronavirus-specific antibodies which were located in medullary cords and in or outside the lymph node capsule. In the paracortical T-cell zone the number of CD3 antigen-positive T-cells were slightly to moderately reduced. In the spleen, plasma-cells with coronavirus-specific antibodies were rarely seen in the periphery of granulomatous-necrotizing lesions, within the subcapsular band of lymphocytes, and were diffusely disseminated. In spleens without granulomatous-necrotizing lesions, follicular hyperplasia and a slight reduction of T-cells in the periarteriolar sheath region was observed; viral antigen were not expressed.

Bone marrow was generally hyperplastic containing all cell lines. Part of the cells were positive for the CD3 or the CD45R antigen, respectively. In four cases, focal accumulations of B-cells were additionally seen. About half of the bone marrow cells expressed the myeloid/histiocyte antigen. In most cases, the number of neutrophils were mildly to massively increased. Neither coronavirus antigen nor plasma-cells positive for coronavirus-specific antibodies were found.

In three cases, information on the time period of clinical disease were available. The two cats showing clinical symptoms for 2 or 3 days prior to death exhibited fibrinous exudate on the peritoneum containing granulomas with areas of necrosis and moderate expression of viral antigen. Plasma-cells positive for coronavirus-specific antibodies were seen in the periphery of those lesions. The animal who had been ill for 10 days showed B-cell- and plasma-cell-dominated omentitis and serositis of the small intestine with few granulomas with areas of necrosis. Viral antigen were moderately expressed.

In many cases, mild to moderate B-cell-dominated focal interstitial infiltration of the renal cortex was found. There, neither viral antigen nor plasma-cells positive for coronavirus-specific antibodies were demonstrated.

Negative controls for leukocyte antigens and coronavirus antigen as well as for coronavirus-specific antibodies did not show any positive staining.

3.4. Immunohistology of control cases
-------------------------------------

In neither case of plasma cell-dominated inflammation (gingivitis, conjunctivitis and otitis externa) coronavirus antigen or plasma-cells positive for coronavirus-specific antibodies were found.

4. Discussion
=============

Based on immunohistological and histochemical characterization of inflammatory cells as well as the presence of coronavirus antigen and plasma-cells producing coronavirus-specific antibodies in the lesions of 23 cats with spontaneous FIP, this study describes the composition of alterations observed in FIP after natural infection.

As previously described, coronavirus antigen can be demonstrated in FIP lesions by immunofluorescence or other immunohistological methods ([@BIB22]; [@BIB28]). We applied a coronavirus-specific mouse mAb usable on formalin-fixed and paraffin-embedded samples for immunohistology.

In this study, lesions which had first been generally described by [@BIB34], were classified according to their distribution and cellular composition. Diffuse alteration at serosal surfaces included activation of mesothelial cells and layers of precipitated exudate containing granulomas with areas of necrosis and macrophages expressing viral antigen. B-cells and plasma-cells comprised underlying cell layers. There, some plasma-cells were positive for coronavirus-specific antibodies.

According to the amount of necrosis, granulomas were divided into those with areas of necrosis and those without extended necrosis. While the first were dominated by macrophages with only few surrounding B-cells and plasma-cells, the latter exhibited a small center with macrophages and a broad rim of B-cells and plasma-cells. Expression of viral antigen was nearly exclusively restricted to intact macrophages and were stronger in granulomas with areas of necrosis. In granulomas without extended necrosis, viral antigen was often not abundantly present, thereby rendering an immediate immunohistological diagnosis of FIP more difficult.

Single plasma-cells positive for coronavirus-specific antibodies were found in the periphery of and close to both types of granuloma.

Findings indicate that B-cells form a band between granulomas and unaltered tissue on serosal surfaces and progressively infiltrate granulomas, hence replacing macrophages. The presence of plasma-cells bearing coronavirus-specific antibodies between B-cells in close proximity to granulomas with necrosis and serosal exudate layers further indicates, that the immune response against the coronavirus starts before these FIP-specific alterations develop.

Focal accumulations and perivascular infiltrations of B-cells and plasma-cells were often observed in the omentum and sometimes in the leptomeninx. Some of these plasma-cells were positive for coronavirus-specific antibodies. This indicates that they represent a FIPV-specific immune response as it is also supported by the demonstration of plasma-cells bearing coronavirus-specific antibodies around blood vessels distant from granulomas. The presence of plasma-cells producing coronavirus-specific antibodies in cats with FIP in both lung tissue and intestinal mucosa without FIP lesions is presumably due to local immune response to oronasal coronavirus infection.

The immunohistological staining of macrophages in granulomas and acute vasculitis with a mAb against coronavirus indicates viral replication in macrophages. This has been demonstrated in cultivated macrophages ([@BIB16]) and by experimental studies which showed that aerosol application of FIPV results in infection of macrophages and persistent cell-associated viremia ([@BIB30], [@BIB31]). Electron microscopical examinations demonstrated virus replication in peritoneal macrophages, mesothelial cells, and degenerating macrophages in inflammatory lesions ([@BIB35]; [@BIB13]; [@BIB31]). However, in our study, even activated mesothelial cells did not stain positive for coronavirus antigen.

Viral antigen was frequently not readily detectable in granulomas without extended necrosis where the number of macrophages were also comparatively low. The question then arises whether the remaining macrophages do not contain nearly any virus or whether the lower number of macrophages decreases only the statistical chance to detect viral antigen in immunohistology. It also seems possible that B-cells and plasma-cells totally replace macrophages, thereby leading to the development of mononuclear infiltrates as they are often seen in the renal cortex in cats with FIP regardless of their age. However, although these infiltrates were mainly comprised of B-cells, plasma-cells positive for coronavirus-specific antibodies were never seen in those infiltrates in this study.

T-cells comprised a minority in all types of lesions. The reason for this might be that T-cells do not play a major role in the pathogenesis of FIP lesions or that animals show a T-cell depletion. The latter was demonstrated in a previous study which also showed that T-cell depletion in FIP develops due to apoptosis ([@BIB10]).

Neutrophils were found among infiltrating cells in necrotizing lesions but were generally rarely seen. They did not contain viral antigen. This indicates that in FIP lesions neutrophils do not have a pathogenic role other than lysis of necrotic material.

Information on the time of alteration development in the experimentally induced FIP is not unequivocal and does not refer to the occurrence of lymphocytes and plasma-cells ([@BIB14]; [@BIB31]; [@BIB27]). In naturally infected animals, correlation between the duration of clinical disease and the various types of FIP lesions have not yet been evaluated ([@BIB34]).

In our study, the two cats showing 2 or 3 days of clinical disease prior to death exhibited fibrinous exudate containing granulomas with areas of necrosis on the peritoneum. Viral antigen was moderately expressed in granulomas, in the periphery of which few plasma-cells producing coronavirus-specific antibodies were seen. The animal which had been ill for 10 days showed B-cell- and plasma-cell-dominated omentitis and serositis at the small intestine with few granulomas with areas of necrosis. The increased presence of B- and plasma-cells could be interpreted as signs of a prolonged course of the disease. In general, obvious correlation between the cat\'s age, the presence of abdominal or pleural effusions, and the histological type of alterations could not be stated. On the contrary, the various types of lesions were frequently seen in the same animal and even in the same organ. It seems possible that natural FIP infection represents a slow disease progress with constant development of acute alterations, represented by granulomas with areas of necrosis. On the other hand, alterations might reflect different capacities of cellular immune response in affected cats.

The small band of subcapsular B-cells below layers of precipitated exudate was seen mainly in the liver. This might be the result of the cellular immune response which is focused on B-cells and macrophages.

All cats in our study showed follicular hyperplasia and sinus histiocytosis in lymphatic tissues as well as bone marrow hyperplasia as has been described previously ([@BIB34]; [@BIB19]; [@BIB14]).

In 14 cases, FeLV co-infection was diagnosed by immunohistology. FeLV infection is often accompanied by FIP ([@BIB2]; [@BIB24]) and is, like other concurrent infections, considered as a potential predisposing factor for FCoV infection ([@BIB5]). FeLV has been shown to permit the reactivation of FIP in healthy FCoV carriers ([@BIB23]). In our study, differences could not be stated between FeLV-positive and FeLV-negative cats with FIP concerning the expression of viral antigens, the number of plasma-cells producing coronavirus-specific antibodies, and the distribution and cellular composition of the lesions in FIP.

Summarizing the results of our study, one can state that FIP lesions are heterogenous as to their cellular composition and the intensity of viral antigen expression. Plasma-cells producing coronavirus-specific antibodies were present in the periphery and vicinity of granulomas. It does not seem unlikely, that granulomas develop from foci of centrally degenerating macrophages expressing coronavirus antigen. Neutrophils are rarely intermingled. Few B-cells were seen in the periphery, but seem to progressively replace (degenerated) macrophages. The number of macrophages and the intensity of staining for coronavirus antigen decreases with the reduction of the areas of necrosis. Finally, B-cells obviously dominate focal lesions which are often devoid of coronavirus antigen.

FIP lesions are thought to be induced by immune complexes which are deposited at the wall of blood vessels, activate complement and damage vascular tissues. Furthermore, complement-mediated tissue damage may occur due to the binding of antibodies to viral antigen. Enhanced uptake into and thereby virus replication in macrophages may follow opsonization of FIPV by antibodies ([@BIB22]; [@BIB30], [@BIB32]; [@BIB33]). This is corroborated by our finding that B-cells differentiating into plasma-cells which in part produce coronavirus-specific antibodies seem to play an important role in the maintenance of inflammatory processes in FIP.

The factors inducing B-cell accumulation and maturation of at least single B-cells into plasma-cells producing coronavirus-specific antibodies are not yet clearly defined. However, cultured peritoneal exudate cells (activated mesothelial cells, macrophages) from cats with FIP have been shown to release high amounts of IL-6 into the supernatant ([@BIB9]). FIPV-infected alveolar macrophages and peritoneal exudate cells are known to produce IL-1 in situ ([@BIB7], [@BIB8]; [@BIB11]). IL-1 and IL-6 function as regulators of B-cell growth and differentiation and might therefore be responsible for maturation and immunoglobulin production of activated B-cells and plasma-cells in FIP lesions ([@BIB17]; [@BIB7], [@BIB8], [@BIB9]; [@BIB11]).
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